AdS/CFT correspondence gives us a bulk-boundary dictionary between CFT operators and local fields in the bulk. Can a bulk-boundary dictionary exist for a non local bulk field? In this paper we consider a particular non local theory and show that a bulk boundary dictionary relating it to CFT operators in the bulk can indeed be constructed. In this dictionary the scale of non locality of the bulk theory is related to the conformal dimension of the dual CFT operator.
According to the AdS/CFT correspondence [1] [2] [3] , there is a duality between local fields in the bulk and the operators in the boundary CFT. For a scalar field in a d + 1 dimensional bulk this duality can be stated in the form of the following extrapolate dictionary [4, 5] : lim r→∞ r n∆ φ(r 1 , x 1 )φ(r 2 , x 2 ).....φ(r n , x n ) = 0|O(x 1 )O(x 2 )....O(x n )|0
(1)
Here O is a primary operator in the boundary CFT whose dimension ∆ is related to the mass of the bulk scalar field
A similar dictionary holds for other fields. It is interesting to ask about the possibility of boundary duals to non local fields in the bulk. Can a bulkboundary duality like (1) exist for a non local bulk field? If not, why exactly would the correlators of a non local bulk field fail to satisfy (1)? If boundary duals to non local fields do exist, can one tell from the boundary theory if its bulk dual is local or not?
One motivation to ask these questions is to clarify the understanding of bulk locality in AdS/CFT. It is not yet fully understood how locality of bulk field theories is encoded in the dual CFT [6, 7] .
Investigating CFT duals for non local bulk theories could help shed light on the issue of bulk locality. For instance, a non local theory would have a scale of non locality. If a bulk-boundary dictionary can be constructed for non local fields, it would tell us what the scale of non locality translates to in the boundary.
A second motivation to consider boundary duals for non local bulk fields comes from the work of Akhmedov et al [8] who have shown that non local counterterms arise * nkajuri@cmi.ac.in † gnarain@buaa.edu.cn naturally when one considers one loop corrections to the four-point function in a φ 4 theory on AdS background. This work suggests that the question of boundary duals for non local bulk fields has to be explored further.
Non local terms also appear naturally in effective actions for perturbative quantum gravity at higher orders (See for instance [9] [10] [11] [12] [13] and [14] for a review). Finally, non local theories have recently seen a resurgence in various contexts . Finding a boundary dual can help improve our understanding of non local field theories themselves.
In this paper we take the first steps towards studying non local theories in a holographic context. We consider a particular non local field theory and we show that a bulkboundary dictionary of the form (1) can be constructed for this theory. However it is not the exact same dictionary in that the conformal dimension of the dual operator has a different relation with the scales of the bulk theory. The conformal dimension ∆ is found to be related to both the mass and the scale of non locality of the bulk theory. Other than that, the bulk-boundary dictionary is identical. We call it the modified extrapolate dictionary. The existence of this dictionary is our main result.
We arrive at the modified extrapolate dictionary by starting with the two-point function of the free non local field φ and asking if there is a ∆ such that in the boundary limit r ∆ φ(r 1 , x 1 )φ(r 2 , x 2 ) gives a conformal two-point function. We then introduce interactions and check that the same prescription holds for higher-point functions.
The paper is organized as follows. In the next section we introduce a free non local field theory in question. In section III we will find its CFT dual. We will include interactions in section IV. The final section presents our conclusions.
II. A NON LOCAL FIELD THEORY
We start with a free massless non local theory on AdS d+1 space-time with the following action
Here 1 denotes the D'Alembartian in AdS space, φ is the bulk scalar field while g = det(g µν ). The parameter λ dictates the strength of non-locality of the theory and has mass dimensions M 2 . It will henceforth be referred to as the non locality scale.
This theory can be re-written as a local action by introducing an extra field:
Integrating out χ gives us the non local theory of (3). What makes this action particularly interesting is that a further field redefinition turns it into two uncoupled local theories. By making the following field redefinitions
and substituting these in (4) we get a theory of two uncoupled scalars:
So we find that ψ 2 is a tachyonic field. This however is not problematic as long as the BF bound is satisfied
So for our non local theory to be sensible in AdS (and have a sensible CFT dual) it has to satisfy a restriction on the scale of non locality λ. In what follows we will assume that (5) holds. We can also see from the above that the non local theory (3) is both causal and unitary, because the local theory (5) is.
III. CFT DUAL TO THE FREE NON LOCAL THEORY
We now investigate the possibility of constructing a CFT dual for these theories.
The two point function of the field φ can be written in terms of these new fields:
Now the terms on the right hand side are correlators of free local scalar fields on AdS. We know how to relate them to CFT correlators in the boundary limit from (1). These are given by:
and
We have used the notation O ∆ to denote a primary operator of conformal dimension ∆ and
Substituting this in (6) gives us the large distance behaviour of the φφ correlator 1 :
Is it possible to define a CFT dual to this theory? Note that to get an equation like (1) we have to multiply the LHS by a suitable factor and then take r → ∞ limit such that the LHS is a CFT correlator. From the above equation, we can see that there is a unique way of doing this. We must multiply the LHS by r 2∆2 and take the r → ∞ limit. Then we indeed get a CFT correlator on the RHS :
Here we absorbed the factor of 1 2 in the normalization of the CFT two-point function. Thus we found that it is indeed possible to define an extrapolate dictionary for the non local theory (3), which has the same form as the usual extrapolate dictionary except. The difference is that the conformal dimension of the dual primary is now related to the non locality scale λ through (10) .
We call the relation (12) (and its generalization to higher point functions) as the modified extrapolate dictionary.
IV. INCLUDING INTERACTIONS
In the last section we found the scaling prescription (12) for constructing CFT correlators from the correlators of the free non local field φ. However, it could well be that this holds only at the free field level and fails when interactions are introduced. We would now like introduce prescriptions and check if the dictionary holds in the presence of interactions.
Let us introduce a general monomial interaction term :
In terms of the local fields ψ 1 , ψ 2 , it is (
n . If the modified extrapolate dictionary holds for interacting theories, the n-point correlator of the non local field should satisfy:
It is easy to check that this is indeed true. We rewrite the RHS as:
Then we expand this out as a sum of correlators and use the extrapolate dictionary for each correlator. It is easy to see that the only term that does not go to zero in the boundary limit is the one which falls off as r −nδ2 . This is precisely the term in the right hand side of (14) (the factors of 1 2 get absorbed because of our choice of normalization. Clearly, this would be go through for general polynomial interaction terms.
We can also introduce different non local fields φ A , φ B , ... and consider interactions of the form φ A φ B ... One can follow the same steps as above and check that the non local extrapolate dictionary holds for this case as well.
Thus we find that the modified extrapolate dictionary holds in general for the non local field φ:
where
V. DISCUSSION Our main finding is that even for a non local field theory one can construct a bulk-boundary dictionary. For the non local field theory (3) we found the dictionary given by (16) .
The modified extrapolate dictionary (16) that we found for the non local theory has one point of difference from the standard extrapolate dictionary for local fields. For local fields, the conformal dimension of the dual CFT operator is related to the mass of the field. But for our non local field theory, the conformal dimension of the dual primary (given by (17) ) is related to the non locality scale.
The standard extrapolate dictionary is equivalent to the statement of equality between the CFT partition function and the bulk action (in the semiclassical regime) [45] . This won't be true of the non local field as because (2) no longer holds true. It would be interesting to check if some modified version of that statement hold for the modified extrapolate dictionary.
We found that the non-locality scale is seen to be related to the conformal dimension of the dual primary in the boundary. This hints towards a boundary interpretation of non locality in terms of the conformal dimension of the dual primary. Presence of non locality lowers the conformal dimension, the same as a tachyonic mass would.
Also, the normalization of boundary primaries will be modified in the λ → 0 limit. This is because in this limit for say the two-point function, both the two-point functions of ψ 1 and ψ 2 fall off at equal rates and therefore both contribute to the boundary two-point function. So the boundary two-point function given by the modified dictionary will be off by a factor of 2 ( and by 2 n for a n-point function). In this respect non locality is different from tachyonic mass and the λ → 0 limit is not a smooth one.
These results are indicative and provide a small first step towards understanding non locality of a field theory from the boundary. Although our results only hold for a particular theory, they indicate that the subject deserves further investigation.
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